To evaluate sex differences in human immunodeficiency virus (HIV) disease progression before (pre-1997) and after (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006) introduction of highly active antiretroviral therapy, the authors used data from a collaboration of 23 HIV seroconverter cohort studies from Europe, Australia, and Canada restricted to the 6,923 seroconverters infected through injecting drug use and sex between men and women. Within a competing risk framework, they used Cox proportional hazards models allowing for late entry to evaluate sex differences in time from HIV seroconversion to death, to acquired immunodeficiency syndrome (AIDS), and to each first AIDS-defining disease and death without AIDS. While no significant sex differences were found before 1997, from 1997 onward, women had a lower risk of AIDS (adjusted cumulative relative risk (aCRR) ¼ 0.76, 95% confidence interval (CI): 0.63, 0.90) and death (adjusted hazard ratio ¼ 0.68, 95% CI: 0.56, 0.82) than men did. Compared with men, women also had lower risks of AIDS dementia complex (aCRR ¼ 0.23, 95% CI: 0.07, 0.74), tuberculosis (aCRR ¼ 0.60, 95% CI: 0.39, 0.92), Kaposi's sarcoma (aCRR ¼ 0.27, 95% CI: 0.07, 0.99), lymphomas (aCRR ¼ 0.47, 95% CI: 0.23, 0.96), and death without AIDS (aCRR ¼ 0.74, 95% CI: 0.56, 0.98). Sex differences in HIV disease progression have become larger and statistically significant in the era of highly active antiretroviral therapy, supporting a stronger impact of health interventions among women. acquired immunodeficiency syndrome; antiretroviral therapy, highly active; cohort studies; death; disease progression; HIV; sex Abbreviations: aCRR, adjusted cumulative relative risk; AIDS, acquired immunodeficiency syndrome; CASCADE, Concerted Action on SeroConversion to AIDS and Death in Europe; CI, confidence interval; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus.
Before highly active antiretroviral therapy (HAART) was available, most seroconverter and seroprevalent cohorts from European countries described either no sex differences or a somewhat slower rate of disease progression to acquired immunodeficiency syndrome (AIDS) and death among women (1) (2) (3) (4) (5) (6) (7) . Data on this issue have been, and still are, contradictory. Early reports from individuals infected with human immunodeficiency virus (HIV) in the United States, mainly those with AIDS, suggested a shorter survival time for women compared with men (8, 9) . Regarding clinical manifestations, only two seroprevalent cohort studies in the pre-HAART era are known to have evaluated the effect of sex on progression to specific AIDS-defining diseases (10, 11) , and they reported that women were at increased risk of toxoplasmosis and herpes simplex virus ulcerations compared with men in the same transmission category (11) . Another multicenter study found that women were at increased risk of bacterial pneumonia and at reduced risk of Kaposi's sarcoma (10) .
In the HAART era, studies from the United States, largely using data from seroprevalent cohorts, continue to report worse outcomes in HIV-infected women compared with men (12, 13) , although the authors highlight that the socioeconomic indicators for the women in those studies are much worse than those for the men. Conversely, evidence has been increasing, largely from European seroconverter cohorts, that women, compared with men, have slower disease progression to AIDS and death (14) (15) (16) (17) (18) . The Spanish Multicenter Study Group of Seroconverters (GEMES), with high numbers of injecting drug users (7, 15, 18) , has consistently reported slower HIV progression rates among women, and better outcomes were also found for the women, mainly infected heterosexually, in a French cohort study of HIV seroconverters (SEROCO) (14) . We previously reported that female injecting drug users tended to live longer than their male counterparts (17) . In most studies, sex differences were smaller for progression to AIDS compared with death, suggesting the impact of competing non-HIV mortality (1) . However, these findings are not consistent, and analyses may have been underpowered to test for sex differences in time to individual AIDS conditions.
To our knowledge, no study to date has looked at sex differences in time to individual AIDS-defining conditions and changes over time in AIDS and non-AIDS mortality in male and female seroconverters in the same transmission category. Such analyses would deal with possible confounding by duration of HIV infection, which cannot be accounted for when seroconversion date is unknown, and enable exploration of clinical outcomes in the course of disease progression in men and women with similar lifestyles. In this paper, we analyze data from the Concerted Action on SeroConversion to AIDS and Death in Europe (CASCADE) collaboration evaluating changes over time in the effect of sex on survival, on progression to AIDS, and on the risk of developing each specific AIDSdefining disease as the first AIDS event and death without AIDS.
MATERIALS AND METHODS

Study population
We analyzed data from a collaboration of 23 HIV seroconverter cohort studies in Europe, Australia, and Canada.
Details of the CASCADE collaboration appear elsewhere (19) ; briefly, all cohorts include people infected with HIV-1 for whom date of seroconversion can be reliably estimated. Analyses were restricted to seroconverters infected through injecting drug use and sex between men and women because we wanted to compare men and women of similar lifestyles. We also excluded children less than 15 years of age at seroconversion. Ethnic group (classified as White, Black, and other) was obtained for 26 percent of seroconverters.
Statistical analyses
Descriptive analysis of patients' characteristics at enrollment was carried out. Sex differences in demographic and clinical characteristics were assessed through the nonparametric Mann-Whitney test for continuous variables and the v 2 test for categorical data. We divided follow-up time into two calendar periods: pre-1997 and 1997 onward. These categories best described the risk change in AIDS and mortality trends over time based on the Akaike Information Criterion and also reflected the availability of HAART in industrialized countries. For each calendar period, we calculated the proportion of person-time spent in the three treatment categories-antiretroviral therapy naïve, antiretroviral therapy experienced but currently not using this therapy or using a non-HAART regimen, and those using HAART-stratifying by exposure category and sex.
We defined AIDS in accordance with clinical criteria from the 1993 Centers for Disease Control and Prevention case definition (20) . The AIDS-defining diseases were grouped as follows (all 20 events): candidiasis, cryptococcosis, cryptosporidiosis, cytomegalovirus, AIDS dementia complex, herpes simplex disease, Kaposi's sarcoma, AIDS-defining lymphomas, Pneumocystis carinii pneumonia, progressive multifocal leucoencephalopathy, recurrent pneumonia, tuberculosis (pulmonary and extrapulmonary), cerebral toxoplasmosis, HIV wasting syndrome, and other mycobacterial diseases not including tuberculosis. All other AIDS-defining events (cervical cancer (n ¼ 16), focal brain lesion (n ¼ 2), isosporiasis (n ¼ 1), leishmaniasis (n ¼ 9), salmonella bacteraemia (n ¼ 6), and diagnosis unknown (n ¼ 72)) were grouped together because of the few events observed for each.
We calculated incident rates for each AIDS diagnosis. We allowed for this event to occur as an initial or subsequent event, counting all person-time before death or the last clinic visit, and stratifying by calendar period and sex.
We investigated sex differences in time from seroconversion to death, to AIDS, and to each initial AIDS-defining disease and death without AIDS by using Cox proportional hazard models, allowing for late entry of individuals at the time of enrollment into the original cohort so, to control for survivorship bias, they could begin to contribute from a time later than estimated seroconversion (21) .
For analyses of time to death, individuals were censored on the date they were last seen alive. To assess the effect of sex on progression to AIDS (death without AIDS considered as a competing event) and to each specific AIDS-defining disease or death without AIDS as the first event, two different approaches for analyzing competing risk data were used: modeling the cause-specific instantaneous hazard (22, 23) and modeling the cause-specific cumulative incidence hazard (24, 25) .
Estimating cause-specific instantaneous hazards involves a standard Cox model with respect to censoring (i.e., individuals experiencing a competing event as a first event are censored at this time when considering the event of interest), but the interpretation is different. Estimates from this model are interpreted as the effect of factors on the instantaneous risk of developing the event of interest conditional on not having experienced any event so far.
In contrast, estimates from the cause-specific cumulative incidence hazard can be interpreted as the effect of factors on the cumulative incidence of the event of interest and can be approximated by censoring individuals failing from a competing event different from that of interest at their administrative censoring time. Because right-censoring strategies for estimating the effect of factors on the cumulative incidence of each competing event in the presence of time-dependent covariates such as calendar period are not sufficiently covered in the literature, we used two different administrative censoring dates: end of individuals' total follow-up (26) and end of the calendar period (27) . For the former, individuals experiencing a competing event different from that of interest are censored at the end of their total follow-up, ultimately August 2006. For the latter, individuals developing a competing event, which is not the event of interest, are right censored at the end of the calendar period in which the competing event was experienced.
Results derived from modeling either the cause-specific instantaneous hazard or the cause-specific cumulative incidence hazard comparing two different types of administrative censoring dates (i.e., end of total follow-up and end of the calendar period) are given in Web tables 1 and 2 (posted on the Journal's website (http://aje.oupjournals.org/)). However, for the sake of brevity, only those results derived from modeling the cumulative incidence hazard by using the end of the calendar period as the administrative censoring date are presented in this paper.
All models were stratified by cohort and were adjusted for the following potential confounders: exposure category (injecting drug use and sex between men and women) and age at estimated seroconversion (continuous). Models were not adjusted for changes in CD4þ cell counts and HIV RNA viral load levels because date of seroconversion is more informative for these analyses. To investigate whether the effect of sex had changed over calendar period, we included interaction terms between sex and calendar period in multivariate models. Wald tests were used to derive p values. All statistical analyses were performed by using Stata software (version 9.0; Stata Corporation, College Station, Texas) (28).
RESULTS
Of 6,923 seroconverters included in the analysis of survival (table 1) , 3,414 (49 percent) were women and 3,509 (51 percent) were men. Median seroconversion dates were 1994 (1990-1999) for the women and 1993 (1989-1997) for the men. Of the 1,784 subjects for whom information on ethnic group was available, women were more likely than men to be Black (9.3 percent vs. 3.9 percent). In the analysis of progression to AIDS, 575 women and 842 men progressed to the disease. A total of 430 women and 808 men died, 130 and 272 of whom, respectively, died without having AIDS. However, no significant sex differences were found in median CD4 cell counts in the 3 months prior to AIDS diagnosis or death, either before 1997 or 1997 onward.
The proportion of person-time spent on HAART pre-1997 and from 1997 onward was <1 percent and 49 percent, respectively. From 1997 onward, the proportion of persontime spent on HAART was slightly greater for men than for women (51 percent and 47 percent, respectively). Injecting drug users seemed to spend a smaller proportion of person-time on HAART compared with people infected through sex between men and women. Men spent a slightly greater proportion of person-time on HAART than women did for both exposure categories: male injecting drug users and men infected through sex between men and women spent 46 percent and 57 percent time at risk on HAART, respectively. For women, these percentages were lower: 39 percent and 50 percent, respectively.
There was evidence that the effect of sex on HIV progression and survival had changed over calendar period ( figure 1 and table 2 ). Before 1997, there were no significant differences in the risk of AIDS and death between men and women; from 1997 onward, women had a much lower risk of AIDS (adjusted cumulative relative risk (aCRR) ¼ 0.76, 95 percent confidence interval (CI): 0.63, 0.90) and death (adjusted hazard ratio ¼ 0.68, 95 percent CI: 0.56, 0.82) compared with men. Additional analyses dividing the later period (1997 onward) into smaller periods using different cutoffs showed a homogeneous sex effect from 1997 onward (data not shown). Table 3 shows the frequency and rate per 1,000 personyears of initial and subsequent AIDS-defining diseases and death without AIDS. The data are stratified by calendar period and sex.
In an adjusted model of the cumulative incidence of each specific AIDS-defining disease as the first AIDS event or death without an AIDS diagnosis, we observed a pattern similar to that observed for AIDS overall (figure 2). Before 1997, there were no significant differences between men and women regarding the cumulative risk of most specific AIDS-defining diseases, except for Kaposi's sarcoma, with women showing a lower cumulative risk compared with men (aCRR ¼ 0.06, 95 percent CI: 0.01, 0.41), as expected. For women, lower cumulative risks were suggested for AIDS dementia complex, tuberculosis, P. carinii pneumonia, and lymphomas, although differences were not significant. From 1997 onward, these lower risks for women became statistically significant, except for P. carinii pneumonia. Compared with men, women were at a significantly lower risk of AIDS dementia complex (aCRR ¼ 0.23, 95 percent CI: 0.07, 0.74), tuberculosis (aCRR ¼ 0.60, 95 percent CI: 0.39, 0.92), Kaposi's sarcoma (aCRR ¼ 0.27, 95 percent CI: 0.07, 0.99), and lymphomas (aCRR ¼ 0.47, 95 percent CI: 0.23, 0.96). The risk of death without AIDS was lower for women compared with men in both periods, although differences were significant for only the period 1997 onward (aCRR ¼ 0.74, 95 percent CI: 0.56, 0.98). We found a similar sex effect in time from HIV seroconversion to AIDS, to death, and to each initial AIDS-defining disease when adjusting for ethnic group in the subset of patients for whom this information was available (data not shown). z Adjusted cumulative relative risks are derived from modeling the cause-specific cumulative incidence hazard by using Cox proportional hazards models within a competing risk framework, censoring individuals who died without having AIDS at the end of the calendar period in which death occurred.
§ Adjusted hazard ratios were derived from a standard Cox proportional hazards model. { Effect of sex within calendar period. # Effect of sex across calendar periods.
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In separate analyses, we evaluated sex differences in the cumulative incidence of AIDS (overall) and of each first specific AIDS-defining disease by censoring individuals experiencing a competing event different from that of interest at the end of their total follow-up. These analyses did not alter our results (data not shown). Finally, excluding the 72 y Includes cervical cancer, focal brain lesion, isosporiasis, leishmaniasis, salmonella bacteriaemia, and diagnosis unknown.
seroconverters with unknown AIDS diagnosis did not change the results.
DISCUSSION
Compared with men, HIV-infected women in industrialized countries survive longer following HIV seroconversion. Furthermore, the effect of sex on HIV progression and survival has changed over calendar period; before the widespread introduction of HAART in 1997, differences in mortality between men and women were of small magnitude and borderline statistical significance, whereas, from 1997 onward, women had a 32 percent lower risk of death compared with men. Women also experienced lower risks of both progression to AIDS and non-AIDS mortality only after 1997. These benefits occurred despite a slightly lower proportion of women on HAART in each HIV exposure group compared with their male counterparts.
When individual AIDS-defining disease was considered, women experienced significantly lower cumulative risks than men for most AIDS-defining disease after 1997, but these differences were statistically significant for only AIDS dementia complex, tuberculosis, Kaposi's sarcoma, and lymphomas. Of note, these four AIDS-defining diseases were also less frequent in women compared with men before 1997, although differences in only Kaposi's sarcoma were statistically significant at that time. Some of these differences have been described in the HIV-negative population (e.g., tuberculosis and Kaposi's sarcoma) and are attributable to lower exposure to other coinfections such as Mycobacterium tuberculosis (29) and human herpesvirus 8. Human herpesvirus 8 infection is more common in men having sex with men and people originating from subSaharan Africa. However, adjusting for ethnic group did not explain this effect, and, unfortunately, the role of undisclosed homosexuality could not be explored any further.
Compared with men, HIV-negative women have also been reported to have a lower incidence of non-Hodgkin lymphoma (30) . As for AIDS dementia complex, estrogens have been suggested to have a neuroprotective effect, in both experimental animal research and epidemiologic studies (31), but further research is necessary to explore this association.
Women had a lower mortality rate than men in the period 1997 onward for both all-cause mortality and death without AIDS. It is noteworthy that, although not statistically significant, mortality for women was lower for both all-cause mortality and death without AIDS before 1997. Our results provide additional support for and more convincing evidence regarding previous findings reported by some groups in a European setting (14) (15) (16) (17) (18) 32) . However, in the United States, HIV-infected women from the Women's Interagency HIV Study have been reported to have higher accident or injury-related mortality rates than men from the Multicenter AIDS Cohort Study (13) , and the HIV-infected women from the HIV Epidemiologic Research Study did not experience reductions in their overall mortality rates after HAART was introduced (33) . Although there are important differences in study design and type of outcome analyzed in many of the articles reviewed, the large differences encountered between these studies in Europe and the United States probably reflect severe socioeconomic differences between the study populations, inclusion or exclusion of gay men, and differences in health care systems between the two regions. It is well known that, for most causes, mortality rates for age-matched, HIV-negative women from industrialized countries are lower than those for men (34, 35) . The reason for these sex differences in mortality is not well understood and may be attributable to both genetic and environmental factors (34) (35) (36) . Healthier lifestyles and lower rates of violent death among women are often proposed, but the potential role of biologic causes cannot be excluded (although they are difficult to test) (34) (35) (36) (37) . Women have been described as having lower viral loads than men, but studies reporting those findings did not find an association with differences in HIV progression rates by sex (38, 39) . In both studies, a biologic mechanism was cautiously proposed as an explanation but remains unclear. Assuming there may be a mixture of genetic and environmental causes, changes over time are most likely attributable to external causes. In our study, we found that women fared better than men, although the difference in prognosis was not evident until HAART became available despite similar proportions of person-time spent on HAART, suggesting that women respond better to health interventions. Women were started on HAART when their CD4 cell counts were slightly higher, although it is unlikely to be a major contributor given that the absolute difference was low. This is no surprise because, in settings where levels of gender equity in access to care are acceptable, women, compared with men, have been reported to have healthier behaviors, more conscious health-seeking patterns, and higher adherence rates to medication (1, 34, 35, 40, 41) . Most studies examining response to HAART suggest that women respond equally well or even better than men do (1), although a higher rate of treatment interruptions among women-suggesting a higher rate of intolerance to medication-has also been reported (42) . It is likely that HAART, in lowering the risk of death, renders visible again gender differences in mortality that exist in the general population.
A number of limitations and potential sources of bias that may influence results merit discussion. One important possibility is that women followed up in CASCADE from 1997 onward may originate from a population with a better socioeconomic profile than that of the other women; women in the earlier periods were more likely to be partners of male injecting drug users. Although this could potentially be true from what we know of the HIV epidemic in Europe, such detailed information is not pooled within CASCADE. At any rate, given the higher proportion of women from nonEuropean backgrounds in later time periods (data not shown), it is unlikely that these women had better socioeconomic profiles than their (White) European counterparts. It could also be argued that our results could be confounded by socioeconomic status, but, for socioeconomic status to confound the better outcomes in HIV-infected women, we should have to assume that women are wealthier than men, which is not usually the case. When we adjusted for ethnicity in a subset of patients for whom this information was available, results remained unchanged. Likewise, behavioral differences in health-seeking patterns, one of the possible explanations for our results, are not measured in CASCADE. Our results are also likely to be sensitive to the ascertainment of events and loss to follow-up. However, differential loss to follow-up by sex is unlikely to have had a major role since CASCADE cohorts are either under active follow-up or perform cross-checks with national AIDS and death registries.
We obtained similar findings when modeling the effect of sex on either the cause-specific instantaneous hazard or the cause-specific cumulative incidence hazard of AIDS (overall) and of each first AIDS-defining disease and death without AIDS. Where some endpoints may have experienced a large change in risk over calendar period, such that the number at risk for the other events changed dramatically, and those changes are different between men and women, results from the cause-specific instantaneous hazard and those derived from the cause-specific cumulative incidence hazard may differ more substantially.
The question about whether the survival advantage observed for women has a fundamental biologic basis cannot be answered. However, our study indicates that, in settings with small gaps in gender inequality and universal access to care, HIV-infected women fare better than their male counterparts in the era of HAART.
